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Abstract: Workplace health promotion programs should be tailored according to 
individual needs and efficient intervention. This study aimed to determine the effects of 
nutrition and exercise health behaviors on predicted risk for cardiovascular disease (CVD) 
when body mass index (BMI) is considered. In total, 3350 Taiwanese workers were 
included in this cross-sectional study. A self-reported questionnaire was used to measure 
their nutrition and exercise behaviors. Data on anthropometric values, biochemical blood 
determinations, and predicted CVD risk (using the Framingham risk score) were collected. 
In multiple regression analyses, the nutrition behavior score was independently and 
negatively associated with CVD risk. Exercise was not significantly associated with the 
risk. However, the interactive effect of exercise and BMI on CVD risk was evident. When 
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stratified by BMI levels, associations between exercise and CVD risk were statistically 
significant for ideal weight and overweight subgroups. In conclusion, nutrition behavior 
plays an important role in predicting the CVD risk. Exercise behavior is also a significant 
predictor for ideal weight and overweight workers. Notably, for underweight or obese 
workers, maintaining health-promoting exercise seems insufficient to prevent the CVD. 
In order to improve workers' cardiovascular health, more specific health-promoting 
strategies should be developed to suit the different BMI levels. 

Keywords: nutrition; exercise; body mass index; CVD; Framingham risk score; health 
promotion; worker 



1. Introduction 

Cardiovascular disease (CVD) is a class of disorders affecting the heart and blood vessels, and is 
considered a signiticant, universal public health problem [1-3]. CVD might result in severe disabilities, 
particularly among those who survive an atherothrombotic event and it may even cause death. Past 
studies have indicated that many factors, such as inappropriate diet and a lack of physical activity, can 
lead to CVD in the general population [4-6]. In addition to unhealthy personal lifestyles, poor working 
conditions, such as long working hours and high occupational stress, put some workers at high risk for 
CVD [7-1 1]. Therefore, prevention should be an important issue when promoting workers' health. 

The practice of good nutrition and healthy exercise are common approaches for health promotion in 
the Taiwanese workplace [12]. Worksite health promotion programs are an effective way to improve 
workers' nutritional habits, promote physical activity and reduce obesity [13-15]. Several studies have 
shown that an unhealthy nutritional habit is a significant risk factor linked to CVD [4,16,17]. 
A prospective cohort study also suggests that a poor dietary pattern can be linked to the increased 
possibility of hardening of the large arteries [18]. In terms of exercise, regular exercise prevents 
unhealthy weight gain and reduces the occurrence of CVD [5]. A low level of physical activity has 
been found to be a predictor of CVD mortality in middle-aged people [6]. Existing studies mainly 
focus on the association between health-promoting behavior and the onset of CVD. However, little is 
known about the effects of nutrition and exercise health behaviors on predicting the long-term risk of 
CVD among workers. The Framingham risk score (FRS) is the most widely used tool to estimate an 
individual's global cardiovascular risk [19]. Research has indicated that by using the FRS assessment, 
a 10-year CVD risk can be calculated, with approximately 75% accuracy, providing insight to the 
possible benefits of prevention [19,20]. As a result, the present study adopted the FRS as the indicator 
of predicted CVD risk in workers. 

Body mass index (BMI) provides a measure of obesity, and is a predictor of fatness-related health 
risks [21]. The BMI is also an easily recognized indicator that health-promoting practitioners can use 
when planning workplace intervention programs. Several studies have shown that people with different 
BMI levels adopt different healthy lifestyles [22,23]. Individuals who are overweight or obese tend to 
have poorer diets and a lower participation in physical activities compared to those of normal 
weight [22,23]. However, the correlation between a health-promoting lifestyle and the BMI level is not 
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linear. Also, obesity itself is pathogenetically related to several clinical and sub-clinical abnormalities 
that lead to the onset of CVD [24]. Therefore, the effects of nutrition and exercise health behaviors on 
the long-term CVD risk may be different when workers are stratified by BMI levels. More attention 
should be paid to the role of BMI levels in these relationships. 

This study aimed to bring attention to the prediction of the long-term risk of CVD among workers 
with different BMI levels, by focusing on a set of nutrition and exercise health-promoting behaviors. 
The objective of the study was to determine the effects of nutrition and exercise behaviors on workers' 
CVD risks, when the BMI is taken into consideration. According to the significant interactive effects 
of health behaviors and the BMI, in order to promote good health in the workplace, for practical 
purposes, further analysis would be conducted through stratifying the BMI levels to explore the 
specific effects of nutrition and/or exercise behaviors on the CVD risk. 

2. Methods 

2.1. Study Design 

The present study was conducted in 2012, using a cross-sectional research method with convenient 
sampling. All of the participants volunteered for the study. Personal information and health behaviors 
were obtained through a self-reported questionnaire. Clinical parameters and bio-data were collected 
through the identified companies' annual health screening, which included laboratory testing and 
non-invasive physical examinations. The study was a component of Taiwan's Workplace Health 
Promotion Scheme, and was approved by the Institutional Review Board of the Changhua Christian 
Hospital (Taiwan). 

2.2. Assessment of Nutrition and Exercise Health Behaviors 

The data of nutrition and exercise health behaviors were obtained by using subscales of the Health 
Promoting Lifestyle Profile II [25]. The nine questions regarding nutrition behavior were: "choose a 
low-fat diet", "limit the use of sugars", "eat bread, cereal and rice", "eat fruit", "eat vegetables", 
"eat meat, poultry, fish, dried beans, eggs and nuts", "eat milk, yogurt or cheese", "read labels to 
identify nutrients" and "eat breakfast". The number of daily servings for each food group was set 
according to dietary guidelines. The eight items for exercise behavior were: "follow an exercise 
program", "vigorous exercise 3 times a week", "light to moderate physical activity", "attend leisure-time 
exercise", "do stretching 3 times a week", "get exercise during daily activities", "check pulse when 
exercising" and "reach a target heart rate when exercising". Participants were asked to rate each item 
on a four-point Likert scale (Never, Sometimes, Often and Routinely). Each subscale's mean score, 
ranging from 1 to 4, was calculated from the subscale's score totals and divided by the number of 
response items. A higher score indicated a greater level of participation in health-promoting behavior. 
In this survey, the subscales of nufrition and exercise behaviors showed acceptable internal consistency, 
with Cronbach's alphas of 0.85 and 0.78, respectively. 
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2.3. Anthropometric Measurements 

Anthropometric measurements included body height and weight. The body mass index (BMI) was 
calculated with weight divided by the height squared ((kg)/(m )). The body mass index, according to the 
Health Promotion Administration, Taiwan Ministry of Health and Welfare, was categorized into four 
levels: underweight (BMI < 18.5), ideal weight (18.5 < BMI < 24.0), overweight (24.0 < BMI < 27.0) 
and obese (BMI > 27.0). 

2.4. Assessment of the CVD Risk 

In this study the FRS measured the 10-year risk prediction for CVD [19,26]. The FRS total was 
calculated by adding scores taken from six clinical and laboratory parameters: age, gender, smoking 
habits, total cholesterol, HDL and systolic blood pressure. Cutoff points on the FRS list were used to 
differentiate between three estimation levels for the 10-year risk: low risk (<10%), intermediate risk 
(10%-20%) and high risk (>20%) [19,26]. 

2.5. Statistical Analysis 

All statistical procedures were performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, 
IL, USA) where a /»-value of less than 0.05 was considered statistically significant. Before analysis, 
any data that had more than 25% of the questions incomplete were excluded to ensure the credibility of 
results. For categorical variables in the contingency table, data were presented in numbers (n) and 
percentages (%), and were analyzed by the Chi-square test. For continuous variables, data were 
presented in the mean ± SD, and mean comparisons were analyzed by a 2-tailed t-tQSt (2 groups) or a 
one-way ANOVA (>2 groups). The post-hoc Scheffe method was then used to determine the pairwise 
differences between the group means when the ANOVA results were significant. Associations of 
nutrition and exercise behaviors with FRS totals were examined in a multiple regression analysis, after 
adjustment for gender and age; the interactive effects between health behaviors and BMI on the risk 
were also simultaneously investigated in this model. The multiple regression analysis models were 
extended once the significant interactive effects occurred. That is, subsequent regression analyses by 
strata of BMI levels were carried out to explore specific effects of nutrition and/or exercise health 
behaviors on the predicted CVD risk. The FRS values were log transformed before analysis because of 
the data's skewed distribution. The regression analysis outcomes are presented in unstandardized 
coefficients (B) and standardized coefficients (P), at a 95% Confidence Interval (CI) for B. 

3. Results 

3.1. Participants' Baseline Characteristics 

For the study, a total of 3362 workers, aged 20 years or over, were recruited from three companies. 
However some of them were unable to provide the necessary information on personal data, nutrition 
and exercise health behaviors, or a physical examination, resulting in a final number of 
3350 participants, with an average age of 47.8 ± 8.4. Using their information, characteristics regarding 
nutrition and exercise behaviors, BMI, laboratory parameters and smoking were summarized in Table 1 . 
Male workers had a significantly higher FRS total, BMI, and systolic blood pressure than the females 
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did, and there were indications of gender differences in health lifestyles, including exercise, nutrition 
and smoking {p < 0.001). Male workers had lower nutrition health behavior scores than did the females, 
but the exercise health behavior scores were higher for males than for females. In addition, Pearson 
correlation analysis was conducted to examine any correlations between age with nutrition and 
exercise behaviors, BMI and the FRS totals. The results (not shown in the table) showed that age was 
positively correlated with nutrition and exercise behaviors, and FRS {p < 0.001). Age was also 
marginally and positively correlated with BMI {p = 0.072). Since relations of age and gender with 
almost all reported correlates were statistically significant, age and gender were then considered as 
control variables in subsequent regression analysis models. 



Table 1. Descriptive statistics of the participants' personal characteristics by gender. 



Characteristic ^ 


Total 
in = 3350) 


Male 
(H = 2569) 


Female 
(H = 781) 




Age (year) 


47.8 ± 8.4 


48.3 ± 8.8 


46.4 ± 7.0 


<0.001 


Nutrition health behaviors score 


2.5 ± 0.4 


2.5 ± 0.4 


2.6 ±0.4 


<0.001 


Exercise health behaviors score 


2.0 ±0.6 


2.1 ±0.6 


2.0 ±0.5 


0.001 


Body mass index (kg/m^) 


24.1 ±3.4 


24.4 ±3.3 


23.0 ±3.5 


<0.001 


Framingham risk score (%) 


4.7 ± 5.0 


6.1 ±5.0 


0.5 ±0.8 


<0.001 


Total cholesterol (mg/dL) 


194.3 ±34.1 


194.1 ±34.1 


195.0 ±34.0 


0.552 


Systolic blood pressure (mroHg) 


125.5 ±15.4 


127.7 ± 14.3 


118.1 ± 16.3 


<0.001 


Smoking 










With 


528 (17.5) 


520 (22.6) 


8(1.1) 


<0.001 


Without 


2486 (82.5) 


1778 (77.4) 


708 (98.9) 




V-value less than 0.05 was considered statistically significant. 


* Continuous data are presented in mean ± SD. 


Categorical data are presented in 


number («) and percent (%). 








Table 2, Comparison of FRS levels on BMI using chi-square test, and on health behaviors 


using one-way ANOVAs and post-hoc comparisons. 








Framingham risk score levels 




Moderate risk (10%- 
Low risk (<10%) ^„„, ^ 

20%) 

(n = 461) 


High risk (>20%) + 
P 

(n = 29) ^ 


BMI (kg/m^) * 








<0.001 


BMI < 18.5 (underweight) 


82 (94.3) 


5 (5.7) 






18.5 < BMI < 24 (ideal weight) 


1241 (88.2) 


157(11.2) 


9 (0.6) 




24 < BMI < 27 (overweight) 


774 (79.8) 


189(19.5) 


7 (0.7) 




BMI > 27 (obesity) 


373 (75.2) 


110(22.2) 


13 (2.6) 




Health behaviors * 










Nutrition health behavior score ^ 


2.6 ±0.4 


2.5 ± 0.4 


2.6 ±0.5 


0.012 


Exercise health behavior score 


2.0 ±0.6 


2.1 ±0.6 


2.1 ±0.6 


0.157 



' /7-value less than 0.05 was considered statistically significant. ^ Categorical data are presented in number (n) 
and percent (%). Continuous data are presented in mean ± SD. ^ indicates significant difference in nutrition 
health behavior score between low risk and moderate risk groups by Scheffe's multiple comparisons test 
(p = 0.015), but other two comparisons (low vs. high, and moderate vs. high) are not significant. * Both 
nutrition and exercise scores ranged from 1 (never) to 4 (routinely). 
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3.2. FRS Levels by BMI and Health Behaviors 

As shown in Table 2, the FRS levels are significantly associated with the BMI levels and nutrition 
behavior score. There are trends towards increasing percentage of the moderate/high CVD risk as BMI 
level increases. The obese group is at a greater CVD risk than are other groups. Besides, when the 
associations between FRS and health behaviors are analyzed by ANOVA, in regard to exercise 
behavior, there were no statistically significant difierences among the three groups of FRS (/? = 0.157). 
However, there is an overall significant difference in nutrition behavior among three FRS levels 
(p = 0.012). Following Scheffe's post-hoc comparisons, the low risk group had a higher score of 
nutrition behavior than those in the moderate risk group. 

3.3. Relationship between Health Behaviors and Log FRS by BMI Levels 

Multiple linear regression analysis was conducted to examine the effects of nutrition and exercise 
health behaviors on the log-transformed FRS, using gender and age as the adjusted variables (Table 3). 
The nutrition behavior score was inversely correlated with the CVD risk (p < 0.001), but its interaction 
with BMI on the risk was not statistically significant. 

Table 3. Multiple regression models predicting Framingham risk score in relation to 
nutrition, exercise and BMI. 



Log Framingham risk score (%) 



y ariauie 


B 


P 


P 


95% CI for B 


Gender 


1.029 


0.606 


<0.00I 


(0.997, 1.062) 


Age 


0.050 


0.544 


<0.00I 


(0.048, 0.052) 


Health behaviors 










Nutrition health behavior 


-0.073 


-0.044 


<0.001 


(-0.107, -0.038) 


Exercise health behavior 


-0.018 


-0.014 


0.176 


(-0.044, 0.008) 


BMI (kg/m^) 


0.024 


O.IIO 


<0.00I 


(0.020, 0.028) 


Nutrition health behavior x BMI 


-0.005 


-0.009 


0.376 


(-0.015, 0.006) 


Exercise health behavior x BMI 


0.010 


0.026 


0.012 


(0.002, 0.018) 


BMI levels 










Underweight 










Gender 


1. 000 


0.680 


<0.00I 


(0.847, 1. 1 53) 


Age 


0.053 


0.687 


<0.00I 


(0.044, 0.061) 


Exercise health behavior score 


-0.086 


-0.057 


0.294 


(-0.247, 0.076) 


Ideal weight 










Gender 


1.068 


0.652 


<0.001 


(1.024, 0.051) 


Age 


0.049 


0.539 


<0.00I 


(0.046, 0.051) 


Exercise health behavior score 


-0.056 


-0.044 


0.001 


(-0.090, -0.022) 


Overweight 










Gender 


0.990 


0.569 


<0.001 


(0.931, 1.048) 


Age 


0.052 


0.574 


<0.001 


(0.049, 0.056) 


Exercise health behavior score 


-0.040 


-0.034 


0.046 


(-0.079, 0.000) 
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Table 3. Cont. 



Variable 




Log Framingham risk score (%) 


B 


P 


P 


95% CI for B 


Obesity 










Gender 


1.081 


0.598 


<0.001 


(0.992, 1.169) 


Age 


0.047 


0.546 


<0.001 


(0.043, 0.051) 


Exercise health behavior score 


0.004 


0.003 


0.910 


(-0.058, 0.065) 



All outcomes of the regression analysis are presented in unstandardized coefficients (B), standardized 
coefficients (a), at a 95% Confidence Interval (CI) for B. Unstandardized coefficient (B) represents the effect 
of one unit change in the explanatory variable on FRS. For example, in the overweight group, as the exercise 
score increases one unit, FRS would decrease by 0.040%. Likewise, standardized coefficient (a) represents 
the effect of one standard deviation change in the explanatory variable on the standardized score of FRS. 
For example, in the overweight group, as the exercise score increases by one standard deviation, FRS would 
decrease by 0.034 standard deviation. 

On the other hand, the exercise score was not significantly associated with the CVD risk in the 
model. However, a significant interaction was found between exercise and BMI for predicting CVD 
risk ip = 0.012). The main effects of exercise on predicting CVD risk, when stratified by BMI levels, 
were then executed in the next step of regression analyses. Specifically, results from the ideal weight 
and overweight groups showed that the exercise score was inversely correlated with the log FRS 
(p = 0.001 and;? = 0.046). 

4. Discussion 

This study aimed to explore the effects of nutrition and exercise on the predicted CVD risk, when 
an individual's BMI was taken into consideration. The study's data show that obese workers had a 
higher CVD risk, than those of other BMI levels. Furthermore, nutrition behavior was independently 
and negatively associated with the CVD risk, whereas exercise was not significantly predictive of the 
risk. A strong association between exercise and the CVD risk, however, was found in ideal weight and 
overweight subgroups, when individuals were stratified by their BMI levels. 

Good nutrition is one of the most important factors in the prevention and management of CVD [3,4]. 
The nutrition behavior score was inversely correlated with the FRS totals (Table 3). These findings 
were similar to a previous study which had indicated that a group with a high CVD risk (FRS > 20%) 
had poorer dietary intake than those in the low risk (FRS < 10%) group [27]. In general, a healthy diet 
is high in fruits, vegetables, grain products, lean meats and fiber, and low in fat [28,29]. It also 
decreases the probability of obesity [4]. Individuals need to try to reduce their obesity risk so that they 
may reduce the risk of a number of chronic diseases, including diabetes, hypertension and CVD [24]. 
On the other hand, an unhealthy nutritional habit is a CVD risk factor [4,16]. A prospective study 
suggested that an unhealthy dietary pattem causes metabolism syndromes [16], which in turn may raise 
the risk of developing diabetes and CVD, and increase cardiovascular morbidity and mortality [17,30]. 
A prospective cohort study also suggested that a nutritionally poor dietary pattem was related to the 
increased chance of hardening of the large arteries [18]. This study's findings also suggest that 
an appropriate nutrition behavior may predict a lower long-term risk of CVD among workers. 
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The workers should be encouraged to implement proper nutrition behaviors, such as taking 
fiber-rich diets, lowering sodium and fat in foods, and not skipping meals, to prevent CVD. In regard 
to exercising, the study found that the independent effect of exercise behavior on the CVD risk was not 
evident (Table 3). However, when stratified by BMI levels, the exercise behavior score was inversely 
associated with a log-transformed FRS for the ideal weight and overweight workers (about 80% of the 
participants). The health benefits of exercise depend on the extent of the activities, including intensity, 
fi-equency and duration [31]. An inactive lifestyle is a high-risk factor for CVD. Previous studies found 
that although a low level of physical activity was a predictor for CVD mortality, adequate exercise 
may generally improve fitness and prevent or remedy CVD [5,6]. A regular and effective exercise 
behavior is beneficial for cardiovascular health by preventing unhealthy weight gain and positively 
affecting blood glucose and lipids [5,32]. Unexpectedly, any evident effects of healthy exercise on 
their CVD risk were not found with obese participants. A possible reason for this non-significant 
association may be attributed to other factors, for instance, chronic low-grade inflammation, which 
can lead directly to the development of CVD [33]. Therefore, for obese workers, maintaining 
health-promoting exercise behavior may not be sufficient to reduce their long-term CVD risk. This study 
observed the different effects of healthy exercising on the CVD risk in workers with different BMI 
levels. In order to improve their workers' health, the workplace's health promotion practitioners should 
develop more specific exercise strategies to suit the different BMI levels. 

In the present study, male workers had a significantly higher CVD risk than did the females. These 
disparities in CVD risk may be due to lifestyle differences [34—36]. The study's data showed that 
males had poorer nutritional habits compared to the females (Table 1), a finding that was consistent 
with a previous study [37]. Dietary patterns are linked to health-related behaviors that result in chronic 
diseases, including obesity and CVD [4,27]. In terms of exercise, males scored significantly higher 
than females, which is consistent with another study's findings [38]. Previous studies showed that 
adequate exercise might, generally, reduce the occurrence of CVD [5]. However, the prevalence of 
smoking was significantly higher among the male workers. Smoking is one of the parameters for 
calculating the FRS [26]. The difference in smoking habits may contribute to the difference in the 
CVD risk between male and female workers. This notable gender gap can also be found in Taiwan's 
national smoking survey for adults [39]. In addition, this study revealed gender disparities in health 
behaviors, echoing findings from in other studies [35,36]. The gender difference in healthy lifestyle, 
therefore, should be considered when tailoring health promotion programs. For the prevention of CVD, 
male workers might benefit from reducing smoking and a strengthening of their nutrition behavior; for 
females, an establishment of healthy exercise might be advisable. 

Findings in this study bring about some policy implications in workplace health promotion. 
Nutrition health-promoting behavior has been verified in the study to be beneficial for improving 
cardiovascular health. However, the mean score of nutrition behavior for all participants in the study is 
only at a moderate level and still has room for improvement. More effective strategies in helping 
workers maintain a good dietary habit are recommended. Additionally, workplace health promotion 
practitioner should consider the BMI levels of workers when designing those health-promoting 
exercise programs aiming for a reduction of individual's long-term CVD risk. Our research suggests 
that exercise might not be sufficient in reducing the occurrence of CVD for the underweight and obese 
groups of workers. Further research to identify the key factors in protecting these groups from 
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cardiovascular harm may be needed. Although this study has provided some insights into the effects of 
exercise and nutrition health behaviors on predicted risk of CVD among workers, it has several 
limitations. Firstly, it was a cross-sectional study and could not establish the causal direction of the 
links between nutrition and exercise behaviors and the predicted CVD risk. Secondly, the analyses of 
the nutrition and exercise behaviors relied heavily on data gathered from a self-reported questionnaire. 
Overestimation or underestimation may occur when participants assess their own health behaviors. 
To overcome these shortcomings, it is recommended that more longitudinal research be conducted 
with more objective tools for assessing health behaviors. 

5. Conclusions 

This study suggests that nutrition behavior is a key component in the prediction of the CVD risk for 
workers. Furthermore, the effects of exercise behavior on the predicted CVD risks were found to vary 
among workers with different BMI levels. Therefore, it is recommended that workplace health 
promotion practitioners should develop more specific strategies to target workers with different BMI 
levels. For underweight and obese workers, maintaining a healthy lifestyle, in terms of exercise only, 
may prove to be insufficient in reducing the CVD risk. It is suggested that the factors associated with 
the CVD risks for these workers need further investigation. 
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